Abstract
Introduction
Ranking fuzzy numbers plays a vital role in decision making. Most of the real problems that exist in natural world are fuzzy, than probabilistic or deterministic. In some cases the fuzzy numbers must be ranked before an action is taken by a decision maker. Since the inception of fuzzy sets by Zadeh [1] in 1965, many authors have proposed different methods for ranking fuzzy numbers. However, due to the complexity of the problem, there is no method which gives a satisfactory result to all situations. Most of the methods proposed so far are non-discriminating, counterintuitive and some produce different rankings for the same situation and some methods cannot rank crisp numbers. Ranking fuzzy numbers was first proposed by Jain [2] for decision making in fuzzy situations by representing the ill-defined quantity as a fuzzy set. Since then, various procedures to rank fuzzy quantities are proposed by various researchers.
Yager [3] , first used horizontal coordinate of the centroid point in ranking fuzzy numbers. Murakami et al. [4] have used both the horizontal and vertical coordinates of the centroid point as the ranking index. Cheng [5] proposed a distance index which is based on both horizontal and vertical coordinate of the centroid point as he pointed out in certain cases, the horizontal coordinates plays an important role than vertical coordinate of centroid point. This occurs when left and right spreads of fuzzy numbers are same. Chu and Tsao [6] proposed an area method to rank the fuzzy numbers by calculating area between centroid point and the original point.
Chen &Chen [7] derived a method on ranking Generalised Trapezoidal Fuzzy Numbers based on centroid point and standard deviation. Wang et al. [8] proposed the formula for finding horizontal and vertical coordinate of centroid point. Liang et al. [9] computed two indices namely distance index and RV index to rank the fuzzy number using centroid point. Shieh [10] proposed the correct formula for finding horizontal and vertical coordinate of centroid point. Chen &Chen [11] proposed the score value of the fuzzy numbers as the ranking method. Wang & Lee [12] proposed the ranking index on horizontal or vertical coordinate of the centroid point.
In this paper we compare not only the ranking fuzzy numbers using centroid but also ranking fuzzy numbers using area compensation by Fortemps and Roubens [13] , Liou and Wang [14] presented ranking fuzzy numbers with integral value, Chen [15] presented ranking fuzzy numbers with maximizing set and minimizing set,an approach for ranking trapezoidal fuzzy numbers by Abbasbandy and Hajjari [16] , fuzzy risk analysis based on ranking generalized fuzzy numbers with different heights and different spreads by Chen and Chen [17] , and also the ranking proposed by Amit Kumar et al. [18] on ranking generalized trapezoidal fuzzy numbers based on rank, mode, divergence and spread.
In this paper a new method is proposed which is based on centroid of Centroids to rank fuzzy quantities. In a trapezoidal fuzzy number, first the trapezoid is split into three triangles and the centroids of these three triangles are calculated followed by the calculation of the centroid of these centroids. Finally, a ranking procedure is defined which is the area between the centroid of Centroids and the original point and also uses mode and spreads in those cases where the discrimination is not possible. In section 2 , we briefly introduce fuzzy definitions and arithmetic operations. Section 3 presents the proposed new method. In Section 4, some important results like linearity of ranking function and other properties are proved which are useful for proposed approach. In Section 5, the proposed method has been explained with examples which describe the advantages and the efficiency of the method. In Section 6, the method demonstrates its power by comparing with other methods that exist in literature. Finally, the conclusions of the work are presented in Section 7.
Fuzzy concepts
In this section, some definitions and arithmetic operations on fuzzy set theory are reviewed. 
Definition 4. A fuzzy setÃ of universe set U is a fuzzy number iffÃ is normal and convex on U. 
Proposed ranking Method
The Centroid of a trapezoid is considered as the balancing point of the trapezoid (Fig.1 ). Divide the trapezoid into three triangles. These three triangles are APC, QCD,and PQC respectively. Let the Centroids of the three triangles be 1 2 3 , & G G G respectively. The centroid of Centroids 1 2 3 , & G G G is taken as the point of reference to define the ranking of generalized trapezoidal fuzzy numbers. The reason for selecting this point as a point of reference is that each Centroid point is a balancing point of each individual triangle, and the centroid of these Centroid points is a much more balancing point for a generalized trapezoidal fuzzy number . Therefore, this point would be a better reference point than the Centroid point of the trapezoid. Step 1: Find
comparison is not possible, then go to step 2.
Step 2: Find Step 5: Examine 
Similarly the result can be proved for case (ii) 
Solving (10), (11) and (12) 
Similarly (ii) and (iii) can be proved.
Numerical Examples
In this section, the proposed method is first explained by ranking some fuzzy numbers. 
Results and discussion
In this section the advantages of the proposed method is shown by comparing with other existing methods in literature, where the methods cannot discriminate fuzzy numbers. The results are shown in Table I and Table II . 
Cheng [5] ranked fuzzy numbers with the distance method using the Euclidean distance between the Centroid point and original point. Where as Chu and Tsao [6] proposed a ranking function which is the area between the centroid point and original point .Their centroid formulae are given by Both these centroid formulae cannot rank crisp numbers which are a special case of fuzzy numbers as it can be seen from the above formulae that the denominator in the first coordinate of their centroid formulae is zero, and hence centroid of crisp numbers are undefined for their formulae. By using our method, we have 
Which were ranked earlier by Yager [3] , Fortemps and Roubens [13] , Liou and Wang [14] , and Chen and Lu [15] as shown in Table I . It can be seen from Table I that none of the methods discriminates fuzzy numbers.
Yager [3] and Fortemps and Roubens [13] methods failed to discriminate the fuzzy numbers 2 A and 3 A , Whereas the methods of Liou and Wang [14] , and Chen and Lu [15] cannot discriminate the fuzzy numbers 2 A , 3 A and 1 A , 4 A By using our method, we have In this, we consider seven sets of fuzzy numbers available in literature and the comparative study is presented in Table II . 
Conclusions and future work
This paper proposes a method that ranks fuzzy numbers which is simple and concrete. This method ranks trapezoidal as well as triangular fuzzy numbers and their images. This method also ranks crisp numbers which are special case of fuzzy numbers whereas some methods proposed in literature cannot rank crisp numbers. This method which is simple and easier in calculation not only gives satisfactory results to well defined problems, but also gives a correct ranking order to problems. Comparative examples are used to illustrate the advantages of the proposed method. Application of this ranking procedure in various decision making problems such as, fuzzy risk analysis and in fuzzy optimization like network analysis is left as future work.
